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CHAPTER 111 
Microclimatic Conditions in the 
Aberdeenshire Area 
by J. R. H. Courrs, n.Se., 
Department of Soil Science, University of Aberdeell 
and J. MARTIN MANDA* 
IN the present context, micrometeorology may be considered as the study of 
meteorological conditions at levels affected by plant and soi! characteristics, 
i.e. to a height of a few feet above the surface (the range being taken to 
inelude the height of the canopy in alforested areas), and to a depth of a 
few feet below the surface. The amounts of solar radiation and of natural 
precipitations reaching the ground obviously depend upon the extent of 
interception by the vegetative cover. Thus the temperatures and humidities 
dilfer from those recarded with normal exposure at meteorological stations. 
Further, the back radiation and evaporation from the surface are decreased 
on account of the vegetative cover, while the loss of moisture from the soil 
is increased by plant transpiration; the relative magnitude of these com-
ponent factors determine whether the moisture content ofthe soi! is increased 
or decreased by the presence of the vegetative cover. 
Meteorological records have been maintained for a long period at 
Craibstonet, and in addition to the data quoted in the tables in Chapter II 
soil temperature data are also available. These long term readings are 
valuable in considering seasonal changes, but since they provide only once-
daily spot readings, consideration of diurnal fluctuations have been based 
upon records obtained with recording thermographs over a period of 5 years 
at AIItcailIeach Forest, BirkhaIl, near BaIlater (Coutls, 1955, 1958). 
Temperature 
The mean arrrrual temperatures at Craibstone for the period 1952-61 are 
shown in Table J: the corresponding mean values of air temperature, hours 
of sunshine, number of frost days and of days with snow cover, and annual 
precipitation quoted in Chapter II show that this lO-year sample gives a 
reasonable approximation to the long period resuIts. 
The soi! temperatures were measured at depths of 4 inches and 8 inches 
under bare soi! and at depths of 1 foot and 4 feet under a grass covered 
soi!: the two pairs of readings are not strictly comparable, but it is unlikely 
that the temperatures measured in the lower strata dilfer appreciably on 
account of the surface cover (see Table K). It may be noted that there is 
,.. Present address: Santo Rey 30, SeviUe, Spain. 
t Data supplicd by courtesy oC Mr. R. Bain, North of Scotland ColIege of Agriculture. 
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close agreement between the mean annual temperatures in the four different 
strata. A similar result was obtained at Alltcailleach Forest, Birkhall. 
TABLE J. METEOROLOGICAL DATA: MEAN ANNUAL VALUES 
(Craibstone, 1952-1961) 
Temp.,op 
Air . 46·7 ± 0·9 
Soil-4" 45'1 ± 0'9 
8" 45-4 ± 0·8 
l' 46·6 ± 0'8 
4' 46'5 ± 0·8 
t 
JAN. 1----
Hours of sunshine 
No. days with ground frost 
No. days with snow cover 
Annual precipitation (ins.) 
APR. 
OCl. 
1376 ± 40 
81·4 ± H 
36'4 ± 6·6 
33·0 ± 1'5 
I--\-'r--:--I JUL. 
.............. " m 
50lL 8" 
------ 501(.' 
FIGURE 9. Monthly Temperatures at Craibstone (1952-1961). 
While these similarities between the temperatures throughout the profile 
are of interest, the differences between their seasonal fluctuations are of more 
practical importance. These are illustrated by the curves in Fig. 9 which 
show the mean monthly temperatures in air and at two different depths in 
the soil. Two important features are apparent from these curves-the phase 
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Depth ins. 
Mean lemp. 
Max. tcrup. 
Amp. de 
No. frost days 
Air 
42·6 
79'9 
67'9 
99 
19.52 
TABLE K. TEMPERATURES CF) AND NUMBER OF FROST DAYS 
(Allteailleaeh Forest, 1952-1956) 
1953 1954 1955 1956 
Soil son Soi 
Soil Soil Air ---- Air -------- Air ---
Under Canopy Air Under Canopy In Undcr In Undcr In Undcr 
Ridc Canopy Ride Canopy Ride Canopy 
----
---
---- -------
I 6 12 lB I 6 12 18 I 6 I 6 I 6 I 6 I 6 6 
----------------------
42·4 42·4 42·6 42·6 
-
44·2 44·6 44·4 44·6 43·2 
- - 42·' 42·4 41·7 41·9 42·6 41·9 42·3 42-1 41·9 42·4 4H 41'9 
69· J 59'4 54·9 53'2 75·7 65'{ 58·3 56'7 53-6 76·3 64'0 55·8 53·2 .52·2 86·2 63·1 57'9 61'3 58·3 75·9 61·3 55·2 55'2 51-8 
------------------
40·2 22·4 22·0 19'4 58·6 35·426·3 23-4 18·7 67'9 34·5 23-8 19·4 18·0 81'7 33-3 25'4 3H 26·1 68-0 30·6 22'3 23·7 19'4 
---------------------------
87 9 O O 68 22 3 O O 101 -
- ~~_1126 82 O 53 O lIS 44 O 26 O 
--
-_._--
__ o 
lag in the occurrence of maxima and minima and the reduction in the soil 
of the range of temperature fluctuations. The phase lags are small in the npper 
strata of the soil, but a lag is c1early shown in the curve for the 4 feet depth; 
and an inspection of atable of mean monthly values for each year leads to 
the comparison shown in Table L. 
TABLE L. NUMBERS OF MAXIMUM AND MINIMUM 
TEMPERATURES IN VARIOUS MONTHS 
(Craibstone, 1952-1961) 
No. Maxima No. Minima 
in in 
--'--, 
June July Aug. Sept. Dec. Jan. Feb. Mar. 
--
Air 2(*) 5 3 1 l 4 5 O 
Soil-4' l O 8 1 O 2(t) 7 2 
* Equal maxirna, June and August, 1957. t Equal minima, January and Fcbruary, 1952 
The AlItcailleach Forest data provide material for the mOre detailed exam-
ination of the analogous changes in diurnal temperature fluctuations. It was 
found that maxima and minima at a depth of 6 inches lagged by about 4 
hours behind those at a depth of l inch, the time varying to sorne extent with 
changes in the thermal capacity ofthe soil associated with its moisture contento 
The amplitudes of temperature fluctuations at various depths in the soil 
are included in Table K. On an average the amplitude at l inch below the 
surface is 0·52 times that in the atmosphere and the amplitude at 6 inches 
below the surface is 0·29 times that at l inch below the surface. There is, 
however, a fairly wide scattering of points about the straight line representing 
the relationship between the amplitudes in air and at a depth of 1 inch, and 
in winter apparently anomalous cases occur in which the amplitude at 6 inches 
is greater than that at 1 inch. Such anomalies may be accounted for if the 
upper stratum is partly or wholly frozen, while the lower is not: for then small 
heat exchanges cause temperature fluctuations in the lower stratum, but 
isothermal phase changes above. 
The depth of frost penetration is profoundly affected by the nature of the 
surface vegetation, and a good example of the protective influence of the 
forest canopy and accompanying forest litter lying on the ground is provided 
by the Alltcailleach Forest data. At this site, at an altitude of 1100 feet, winter 
conditions are fairly severe, and grass minimum temperatures fen to freezing 
point at least once in every month of each year throughout a period of 
5 years, allhough air temperatures remained above freezing point from 
(approximately) mid-May to mid-September. But the data presented in 
Table K show that on an average there were 102 frost days in air, while 
under the canopy there were 49 at a depth of l inch, but only 3 at a depth of 6 
inches. The observations at depths of 12 inches and 18 inches were dis-
continued aftel' two years, but it appears that frosting in these strata must 
be very infrequent. On the other hand two yeal's' data for temperatures at 
1 inch and 6 inches below the soi! in an open ride suggest that fl'osting here 
at a depth of 1 inch is significantly higher than under the canopy. 
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A forest stand pro vides the most effective screening of the surface, but 
other types of vegetative cover also have an appreciable infiuence. These are 
illustrated by the data in Table M which are based upon continuous 
TABLE M. AIR TEMPERATURES AND SOIL TEMPERATURES ("F) AT 
DEPTHS OF 3 INS. AS AFFECTED BY TYPE OF 
SURFACE VEGETATION 
(Countesswells Forest, 1959/1960) 
SoU Cover 
Air T.l T.2 H G B 
Autllmn 
Max. 66'0 52-3 53-6 54'1 54'5 57-9 
Amp. do 25·0 4'1 3·1 3-6 5·8 14'2 
Winter 
Min. 12'2 - 33-8 33-3 31-8 28·0 
Amp. do 21-8 
- 1'3 5·9 0·0 0·0 
Spril1g , 
Max. 61'5 46·8 47·5 3% 54'5 -
Amp. do 36'5 3'1 7·0 11'7 JO'1 -
Swnmer 
Max. 70·5 52'2 
I 
52·9 58'8 64·4 68'7 
Amp. do 28'6 2·5 H 6'7 JO'3 16'2 
i 
temperature recordings at Countesswells Forest, 7 miles west of Aberdeen, at 
an altitude of 500 feet, where areas with differing vegetative cover were 
available. Area r.l carried a sitka spruce stand with almost closed canopy, 
r.2 carried a more open Scots pine stand, in area H heather was dominant, 
area G was a grass plot and area B was bare ground. The exposure in area H 
was less than that on open ground on account of the proximity of the trees. 
The temperature profiles under grass and under bare soi! at sites near the 
Countesswells Forest (Fig. !Ob, e) show the moderating effect of the grass 
during a warm period; and the changes in temperature profiles (Fig. lOa) 
during a period of thaw provide another example of the relatively small 
depth of frost penetration even under abare soi!. 
Air temperatul'es near the ground show considerable variations ayer a 
height of a few inches. The air temperatures quoted earlier are those recorded 
in a Stevenson screen at a height of 4 feet aboye the sUfface, but such values 
may frequently give a misleading impression of conditions in a crop. 
Day and Peace (1946) give a detailed account of the incidence of spring 
frosts and their effects upon various tree species in different parts of Britain 
(including Binn Moss, Aberdeenshire). 
Temperature proliles in the air within a crop have been discussed very 
fully by Geiger (1950), and local observations, so far as they are available, 
appear to be in accordance with his descriptions. An example for the densely 
canopied area r.l in Countesswells Forest, where it was found that variations 
were most pronounced within 6 inches of the soil sUfface, is shown in Fig. 11. 
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In this environment, wind disturbance is ncgligible, and the changes depend 
mainly upon the distance to which the solar radiation penetrates below 
the canopy. 
Temperatures, humidities and wind within agricultural crops have been 
studied in detail at Rothamsted-in potato crops by Broadbent (1950) and 
in wheat crops by Penman and Long (1960). Valuable data under conditions 
approximating to those prevmling locally are provided by Waterhouse's 
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FIGURE 10. Soil Temperature Profiles (Countesswells, 1960). 
a. Period of Thaw, 24th-27th February. 
b. Warm Period under grass, 12th-16th June. 
c. Wann Period, arable land, 12th-16th June. 
measurements made near Dundee (1955). Waterhouse remarks that in tall 
grass, "since the mr in the crop is mainly heated conductively by encountering 
the warmed grass stalks and leaves, the hottest air level will be found where 
the crop is beginning to increase in density, and the strength of incident 
radiation has not yet fallen off greatly. When a high sun is shining therefore, 
mr stratification in grasses may consist of a warm middle to upper region 
sandwiched hetween two cooler layers," and he gives a graphical example of 
such a case, contrasting it with the steadily decreasing temperature at 
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increasing heights above a short grass crop, and also with the steadily 
increasing temperature with increasing height in the long grass, when the 
Iow altitude sun warms only the upper surface ofthe crop. Dnder conditions 
favouring nocturnal long wave radiation, it is shown tbat inversions may 
occur, since radiation losses are greatest from the upper part of the crop 
and the cool air does not readily sink to ground level through the thicker 
lower stalks. Other cases discussed inelude consideration of the effects of a 
mat or an undergrowth of clover near the ground, of autumnal decline 
in vegetation and of rainstorm fiattening of the crop. 
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FIGURE 11. Air Temperature Profiles (Countesswells Forest Area T.l). 
Precipita/ion 
The 10 years mean precipitation at Craibstone is 33·0 inches (0·9 inches 
lower than the long period mean quoted in Table J), and the annual totals 
vary betweeu a minimum of 27·1 inches (1959) and 42·8 inches (1960). The 
extent to which the rain penetrates the crop and reaches the surface of the 
soi! presents a problem of considerable difficulty; factors concemed depend 
upon both the nature ofthe vegetation and the characteristics of the rainfal!. 
Recent work at Countesswells Forest (Martin Aranda, 1960) provides sorne 
infonnation on the nature of the results to be expected under local conditions. 
Within Ihe forest thirty-six rain gauges in all were distributed in the areas 
T.!, T.2 and H, mentioned aboye. Most of the gauges in area H were pro-
tected by the heather, but two were placed in bare patches and the data from 
them provided a standard for comparisons between the penetrations of rain 
to the other gauges. A rainfall recorder, with Ihe same exposure as the 
"standard" gauges, provided information on rainfall intensity. Results ob-
tained in this experiment give percentage penetrations of rainfall of 57·6 ± 
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j·7 in T.l, 57·3 ± j·6 in T.2 and 55·2 ± 2·2 in H. The difference between the 
penetration through the trees and that through the heather is perhaps signifi-
cant (at P - 0'2), but there is obviously no significant difference between the 
penetrations in areas T.l and T.l, a result which appears to be inconsistent 
with the statement made above with reference to the differing densities of the 
canopies. The effect is largely accounted for by the dripping of rain drops 
from the leaves on wbich they are temporarily retained in the denser eanopy. 
Workers elsewhere have found that the amount of main stem fiow is smal! in 
conifers, but it may be of greater importanee in straggling heather plants: if 
this be the case, the penetration measured by the gauges in area H wil! be an 
underestimate of the amount of water reaching the ground. It is hoped to 
publish elsewhere a fuller analysis of the data derived from tbis experiment, 
and to show the extent to wbich the penetration depends upon such factors as 
the rainfall intensity and the intervals between the occurrence of precipitation. 
Humidity 
The presenee of a crop influences the humidity of the atmosphere since 
the ground cover retards evaporation and the transpiring plant supplies 
water. Waterhouse (loe. cit.) quotes examples of humidity measurements 
within a tall grass crop with matted clover undergrowth. On a cool summer 
day (grass temperature 57"F (14"C)), the air witbin the surface mat remained 
nearly saturated while there was a saturation deficiency of about 3 mm. Hg 
above the grass. On a warmer day (grass temperature 70"F (21 "C)), the 
saturation deficiency was about 1 mm. Hg Í1' the mat, and 7·5 mm. Hg 
above the grass. 
In a forest the humidity profile beneath the canopy is probably more 
uniform than in an arable crop, but the humidity is generally higher than 
unaer grass or at an exposed site. At Countesswells Forest (area T.2) a 
continuous record of relative humidity was obtained with a hair hygrograph 
over the period November 1960 to February 1962, and mean weekly values of 
the relative humidity were obtained by integrating the charts. As data are 
available for only one complete seasonal cycle the figures must be treated 
with reserve, but the seasonal averages are unlikely to vary widely from year 
to year. Table N shows the resuIts, using the same conventional periods for 
the seasons as in Table G. The daily relative humidities at 1500 hours G.M.T. 
\Vere read from the charts alld the freq uencies of occurrence are shown in 
cumulative form in Table N, with the corresponding Dyce data of Chapter n. 
It wil! be seen that the humidities are consistently higher in the forest than at 
the exposed site. The differenee between the two sites is least in summer; this 
is to be expected, because the higher altitudes attained by the sun in this season 
promote penetration ofthe solar radiation to greater depths below the canopy. 
It should be noted that while the 1500 hours readings were required in 
order to make the comparisons shown in Table N, the lowest humidities at 
Countesswells frequently occurred at about 1300 hours near the time of 
maximum solar altitude. 
Solar Radiatioll 
Accurate data for abso1ute measurements of incoming solar radiation 
require high-grade radiometric recorders and the only "official" observatories 
in Scotland that provide such data are those at Eskdalemuir and at Lerwick. 
Estimates can, however, be made fram semi-empírical fonnulae involving 
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data for humidity, temperatures and hours of sunshine, together with 
standard values for the solar constant. Fairly simple experimental methods 
provide comparisons between the values at neighbouring sites with different 
exposures. The results of such comparisons at Countesswells Forest in 
1959 and 1960 gave the following mean results (solar radiation in open area 
G = lOO): Area T.14; Area T.2 7; Area H 88. 
These data refer to measurements at a height of 4 feet aboye the ground. 
There is therefore no relation between the penetration of radiation and the 
rainfall penetration through the heather on area H; but at first sight it may 
be surprising that under the trees in areas T.l and T.2 the proportions of 
TABLE N. PERCENTAGE NUMBER OF RELATIVE HUMIDlTIES 
OBSERVED IN SPECIFIED GROUPS IN OPEN SITE (DYCE) AND 
AFFORESTED AREA (T.2, COUNTESSWELLS) 
90+ 80+ 70+ 60+ 50+ 40+ 40-
Winter 
Dyce 26·2 62·8 86'3 97-4 99·5 99'9 100 
T.2 66(50) 88(88) 98(98) 99(100) 100 - -
Spring 
Dyce 9·0 24'2 45·0 70'5 89·0 97·1 100 
T.2 24 42 84 97 100 -
-
Summer 
Dyce 12'2 32'2 57-4 80·5 94'3 99·1 100 
T.2 15 42 70 93 99 100 
-
Transitional 
Dyce J7-5 41·2 65·9 86·2 97-4 99'7 100 
T.2 31 55 76 99 100 
- -
Dyce: 10 year average. 
T,2: November 1960 to October 1961; 
November 1961 to February 1962 (in brackets). 
penetration of radiation and of rainfaIl are very different. The explanation 
of this apparent anomaly is provided by noting that in the case of the 
radiation there is no effect analogons to the "delayed action" of dripping 
of water from the leaves or of trickling of water along the tree branches. 
Wind 
The extent of sheltering from wind in the Countesswells sites was estimated 
from readings of 3-cup anemometers at a height of 6 feet. The mean values 
are shown in Table O. 
The result in area H is, of course, determined by the shelter from the 
adjacent plantations. The values vary to some extent with the wind direction 
alld intensity. Correlation coefficients between the wind velocity in area G 
and areas T.l and T.2 are very much lower than the coefficient between the 
wind velocities in areas G and H. In the case of the wooded areas the shelter 
provided is more efficient at low wind velocities, and the ratio of velocity in 
either of these areas to the velocity of G tends to be lower in snch cases than 
under gale conditions. 
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Evaporation 
At Countesswells Forest, evaporation data were obtained by four different 
methods, (1) by direct reading of evaporation from open water surfaces in 
pans 1 square metre area, (2) by the use of Stanhill evaporimeters*, (3) from 
water balance computations in microlysimeters, and (4) by using Penman's 
method (Penman, 1954). 
Data were collected from June 1959 to September 1962 except in the 
montbs October to February when evaporation was negligible in rainy 
periods or the experiments were interrupted by freezing. The mean vahles of 
the evaporation, relative to those for the open site, as derived from Penman's 
TABLE O. WIND VELOCITIES, MEAN VALUES 
(Countesswells Forest, Aug.-Dec. 1960) 
Afea G T.1 T.2 H 
Ve10city (mi1es/day) 84'5 ± 7'9 8'3 ± 1'3 18'9 ± 2-6 41'1 ± 4'2 
Correlation coeff. with 
veI. in afea G - 0'47 0'44 0·83 
computations and the Stanhill evaporimeters are shown in Table P. The 
agreement between the results for area T.l is much closer than was expected 
and is perhaps fortuitous-in view of the approximate nature of many of 
the terms involved in the computations, the two results for area T.2 are not 
unreasonably discordant. The figures for area H are also shown, but in this 
case they represent data for two different physical environments: the Penman 
TABLE P. EVAPORATION: RELATIVE VALUES IN 
COUNTESSWELLS FOREST 
(Area G ~ 100) 
T.1 T.2 H 
Calculated 
(penman) 14'3 20·7 81'9 
Observed 
(Stanhill) 15·5 29·3 51'2 
calcnlation is based upon the meteorological factors as measured in the 
Stevenson screen aboye the heather, while the Stanhill evaporimeter was sited 
beneath the heather. The interpretation of the two results, therefore, is that 
the screening effect of the trees surrounding area H reduces the evaporation 
to about 82 % of that on tbe open site G while the ground cover of heather 
reduces it by a further 30 %. 
Water balance studies with microlysimeters on area G provide results for 
potential evapotranspiration if the moisture content is not less than field 
* These evaporimeters are porous pintes which are kept saturated with waler; tbe 1055 of water is measurcd 
and the instruments are standardised by comparing their water Iones wltb evaporation from the pans. 
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capacity, but losses are reduced as the surface soi! becomes drier. According 
to Penman, the potential evapotranspiration should be given by mnltiplying 
the computed evaporation by a factor f wbich varies with the season around 
a mean value of about 0·7. The results in Table Q based upon the mean 
results from three microlysimeters, provide satisfactory evidence in favour 
of the use of these simple microlysimeters in water balance studies. 
TABLE Q. EVAPORATION FROM MICROLYSIMETERS IN 
COUNTESSWELLS FOREST, EXPRESSED AS PERCENTAGE OF 
CALCULATED EVAPORATION FROM FREE WATER SURFACE 
Afea G 
Wet Periods Dry Periods 
7.3.60-2.5.60 75-6 7.6.59-11.9.59 36·8 
4.7.60--5.9.60 71-4 2.5.60-4.7.60 42'2 
Total evaporation, June 1959 to September 1960 
Area G: 54'9%; Area T.l: 22'3%; Area T.2: 38-4%. 
Results obtained with microlysimeters in areas T.l and T.2 cannot be 
compared with computations from Penman's formulae for potential evapo-
transpiration, because the factor f is unknown except when the surface is 
covered with grass. The mean values shown for these areas are lower than the 
mean value for G, but it wil! be noted that they are higher relative to G than 
the corresponding figures given in Table O: tbis is explained \Vhen it is 
recalled that in the shaded areas the soi! moistnres remain at least as high as 
the field capacity for a longer period than in area G. 
SUMMARY 
Changes in climatic conditions in positions a short distance above and a 
short distance below the soi! surface differ in many of their characteristics 
from those found at a normally exposed observatory. 
(1) Temperatnre fluctuations are reduced under a crap and in the soi!; 
with a dense vegetative cover, diurnal changes are very small at depths of 
about a foot, and frost penetration is limited to the upper few inches of the 
soi!. Witbin a crap the temperature varies between the crawn and ground level. 
(2) Rainfall is intercepted by the crop, and under a dense forest canopy 
between 50 % and 60 % of the rain reaches the ground, a considerable pro-
portion of this amount being accounted for by dripping fram the leaves and 
stems of the plants. 
(3) The humidity of the atmosphere inside the crap is usually higher than 
in the open, and may approach saturation neal' the surface although there 
is a considerable saturation pressure deficiency above the crap. 
(4) The solar radiation is drastically reduced by intereeption by the crop: 
in a forest with closed canopy, the radiatioD received may be about 5 % of 
that ineident on abare surfaee. 
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(5) The sheltering effect of trees may reduce the wind velocity to about 
10 % of that experienced at an open site, but the effect is smaller for high 
tban for low wind velocities. 
(6) All the preceding factors influence the loss of water by evaporation 
from the soil; but evaporation is also a function ofthe soi! moisture content, 
and the rate of evaporation is reduced if the soi! moisture content falls below 
field capacity. In order to estimate seasonal changes in the soi! moisture 
content, data are required also for plant transpiration and for run-off and 
drainage. 
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